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Gaussian fits to the band edge bleach versus spectral integration
It can be seen in Figure S1 that Gaussian fits to the band edge bleach as described in the main text yield identical kinetics of the population of electrons and holes at the band edge as spectral integration. However, spectral integration is sensitive to integration boundaries over the band edge bleach. Here we choose boundaries of 1250 and 1550 nm. Without another method to verify the boundaries it is preferable to use Gaussian fits to the band edge bleach. Figure S1 . Population of electrons and holes f(t) obtained from Gaussian fits (red) and spectral integration between 1250 and 1550 nm (blue) for photoexcitation energies as indicated (a-d).
Rise time of f(t) in the absence of cooling
The rise time of f(t) for band edge excitation gives an indication of the time resolution of the experiment, since no cooling yet occurs. We show f(t) with a fit of the rise time in Figure S2 for band edge excitation at 0.93 eV. We fit f(t) using eq 3 from the main text and find that we can describe the rise time by a double exponential function with two time constants of 0.15 ps. We therefore are also able to describe it by a single exponential function with a time constant of 0.15 ps, as would be expected for data where we only deal with a pulse response and no cooling. It should be noted that in all fits considered in the main text, we deal with a convolution of the rise time of 0.15 ps with cooling times. Figure S2 . Fit of eq 3 to measured data of f(t) for band edge excitation, from which the rise time of 0.15 ps is determined.
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Contribution of electrons and holes to f(t)
In Figure S3 we show the relative contribution slow fast ⁄ of the slow and fast component in our fits to f(t), as discussed in the main text. The relative contribution remains constant at approximately 1.2 up to a photoexcitation energy of 2.1 eV. For higher photoexcitation energies the relative contribution increases significantly up to 3. We believe that due to additional relaxation pathways both components are now due to electrons as well as holes. Figure S3 . Relative contribution slow fast ⁄ of electrons and holes to f(t).
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Overlap of transition energies with ligand vibrational modes
The overlap of transition energies obtained from the optical absorption spectrum with oleate ligand vibrational modes as discussed in the main text is shown in Figure S4 . Here we take the optical transition energy divided by two for a first approximation of the transition energy as if we have a symmetric electronic structure. Especially the first two transitions overlap well with ligand vibrational modes in the energy range of 100-200 meV, supporting the hypothesis that energy transfer to ligand vibrational modes can facilitate charge carrier cooling near the band edge. 
QD electronic structure
The calculated PbSe QD electronic structures treating spin-orbit interactions at the scalar or vector relativistic level are shown in Figure S5 , in the middle and right panel respectively. The electronic structure without taking into account states from the Σ-point is shown in the left panel.
States in black originate predominantly from the bulk L-point while those in red originate mainly from the bulk Σ-point. 
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The energy gaps and effective masses at the L-and Σ-point, required for the parameterization of our Hamiltonian, were obtained from band structure calculations performed on a 161616
Monkhorst-Pack k-grid. The spacing between the k-points in the electronic band structure was set to 0.005 Å -1 . We compare the effective masses and energy gaps obtained using scalar or vector relativistic treatment of spin-orbit effects in Table 1 . These are used to calculate the electronic structure as shown in Figure S5 . 
